SUMMARY A simple non-invasive method for studying microvascular filtration in the nonarticular tissues of the forearm is described. Rates of filtration under a standard hydrostatic pressure were measured in 20 normal female subjects and 44 female subjects with connective tissue disorders. An increased mean filtration rate was found in 14 subjects with rheumatoid arthritis. In 20 subjects with systemic lupus erythematosus and 10 subjects with scleroderma no such generalised increase in filtration rates was seen, but isolated cases had very high filtration rates, suggesting a more heterogeneous physiological disturbance. Increased filtration was not associated with the presence of oedema. This confirms doubts raised by other workers about the importance of filtration in the genesis of clinical oedema. 
In 1971 Jayson and Barks showed that people with rheumatoid arthritis tended to have an increased coefficient of capillary filtration in the non-articular tissues of the forearm.' The mechanism of this physiological change is unclear, but it could relate to increased microvascular hydraulic conductance or an increased functional surface area. Subsequently, using a different approach, Marks et al. showed that people with a variety of connective tissue disorders including systemic lupus erythematosus and systemic sclerosis had increased transcapillary escape rates for radiolabelled albumin.2 This was taken as further evidence for abnormal capillary filtration in people with connective tissue problems. However, since albumin escape may occur predominantly in the liver, the relationship between these findings and those of Jayson and Barks is doubtful.
Prompted by these studies we (Fig. 2) . Mercury strain gauge and waterbath plethysmographs were found unsuitable for estimating filtration in subjects with connective tissue disorders, since both caused visible indentation of the tissues.
The subject lay on a couch with the upper trunk at 30°to the horizontal. The right arm was abducted and the elbow and wrist supported, so that the forearm lay horizontally at heart level. A sphygmomanometer cuff was wrapped around the upper arm. The thread gauge was passed once round the forearm at a point one-third of the way from the olecranon to the ulnar styloid. The ends of the thread leading out sideways from the upper surface of the forearm were held by crocodile clips weighing 1-0 g each. The clips were suspended from a frame in such a way that 10% of their weight was converted to thread tension (0-1 g weight). This was found to be the minimum tension to overcome inherent curves in the thread and to hold the hairs on the arm opposed to the skin. Increasing tension to 1 g weight led to tissue indentation after 10 minutes in some cases and was therefore unacceptable.
The thread gauge was left under tension for at least three minutes before recordings were made. A centimetre scale was placed next to the thread for recording purposes. The positions of the two thread ends at the points where they crossed on the upper surface of the forearm were recorded at 30-second intervals during the experiment by serial photographs taken with a macro lens. The sphygmomanometer cuff was inflated to 60 mmHg pressure and maintained at that pressure for 10 minutes. Rapid expansion of the forearm due to venous filling occurred during the first three to five minutes. After this a slower linear expansion was seen, representing lymph production. This did not change between five and 15 minutes in pilot studies, and it was found sufficient in routine studies to record expansion between five and 10 minutes only.
Experiments were conducted in a draught-free room with an ambient temperature between 21°C and 24°C.
Serial photographs were projected as negatives on to a screen at 20 times magnification. The relative movements of the two ends of the thread at the points of crossing were measured by tracing serial images on to a sheet of paper. Although this method was cumbersome, it was felt to be outweighed by the advantage of minimal possible interference with arm expansion by the recording apparatus.
The circumference of the forearm (C) was measured by noting the initial points of crossing of the ends of the thread, removing the gauge from the arm, and measuring the intervening length of thread against a rigid rule. The fractional change in circumference dC/C was then calculated.
proved to have Raynaud's phenomenon, six had abnormalities of gut motility on cineradiography, three had ischaemic autoamputation of digits, three had a symptomatic restrictive lung defect, and one had coexistent squamous carcinoma, probably of oesophageal origin. Ages ranged from 24 to 60 years, mean 46 years. Serum albumin levels ranged from 39 to 49 gIl, mean 43 gIl. None had significant proteinuria or other evidence of renal impairment.
Results
The method described was found to give recordings of arm expansion similar to those of other workers in time course and pattern (see Fig. 3 ). There was no relation between filtration rate and age or arm size.
Filtration rates for 20 normal subjects ranged from 0-096 to 0-270 ml/100 ml/min at 60 mmHg SUBJECTS Since the great majority of our patients with connective tissue disorders were female, the study was restricted to females, with a female control group. Two males with severe scleroderma were also studied, but were not included in the group analysis. Twenty healthy controls were taken from the rheumatology staff and physiotherapy department. Patients were taken from rheumatology clinics and were suffering from either rheumatoid arthritis, systemic lupus erythematosus (SLE), or scleroderma. Two subjects with intermittent idiopathic leg oedema were also studied.
Normal subjects were aged 22-57 years, mean 31 years. None had oedema.
Rheumatoid arthritis subjects fulfilled the American Rheumatism Association criteria for definite or classical rheumatoid arthritis. Two venous pressure, mean 0-172 ml/100 ml/min and an approximately normal distribution. (SI conversion: ml/100 ml x 10=mlIl.) Filtration rates for 14 patients with rheumatoid arthritis ranged from 0-126 to 0*318 ml/100 ml/min, mean 0-230 ml/100 ml/min. This was significantly greater than normal (p<001). Filtration rates did not correlate with the presence or absence of oedema (Fig. 4) .
In 20 patients with SLE the filtration rates ranged from 0-138 to 0-396 ml/100 ml/min, mean 0-204 ml/100 ml/min. The majority of values fell between normal limits. However, the only two patients who were acutely ill at the time of recording had values at or above the upper limit of the normal range. A third patient, in clinical remission, also had a particularly high filtration rate, well outside the normal range (Fig. 5) . Only two patients in this group had dependent oedema at the time of recording. Their filtration rates were well within the normal range despite severe hypoalbuminaemia in both cases (24 and 26 g/l).
In 10 female patients with scleroderma the filtration rates ranged from 0-072 to 0-408 ml/100 ml/min. The majority of values were within or slightly below the normal range, but a single patient with Raynaud's phenomenon and very early diffuse scleroderma of the trunk had the highest value recorded in all groups (0*408 ml/100 ml/min) (Fig.  6 ).
Two patients with idiopathic intermittent leg oedema had filtration rates in the normal range (0-136 and 0-160 ml/100 ml/min).
Discussion
The analysis of microvascular filtration in this study differs in one major respect from that used by Jayson and Barks.' These authors studied filtration at two hydrostatic pressures and derived a coefficient of capillary filtration. In theory their results should reflect only changes in the vessel wall rather than changes due to altered oncotic gradients.
Unfortunately there is evidence that the coefficient of capillary filtration is not constant under the conditions of this type of experiment.3 Moreover, the coefficient of filtration appears to be sifnifi- valid interpretation of the mechanisms of filtration abnormalities probably requires the analysis of a number of variables in a way impracticable in a routine outpatient setting. We have instead used a single hydrostatic pressure for studying filtration simply to assess the presence or absence of a change in filtration rate without attempting to establish the precise mechanism.
We have confirmed the presence of increased filtration under hydrostatic pressure in subjects with rheumatoid arthritis. In view of the fact that these subjects had normal serum albumin levels An alternative explanation for clinical oedema in this context is that the limiting factor is total fluid clearance from the limbs, and that how much returns in the veins and how much in the lymphatics is relatively unimportant. Raised central venous pressure, muscle pump failure (from weakness, pain, or failure of appreciation of tissue turgor for neurological reasons) and increased endothelial permeability will inhibit fluid clearance by both venous and lymphatic channels. Further study of filtration is required in a wider clinical context, since it seems that mechanisms of clinical oedema are still far from clear. 
